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ABSTRACT

The aquatic environment of the Clinch River in southwestern Virginia has
been acutely stressed by two spills of hazardous materials. In 1967, fluid
from a fly-ash retaining pond caused extensive damage to the biota. In 1970,
a spill of sulfuric acid had a similar, though more restricted, effect. Both spills
came from Appalachian Power Company's power plant at Carbo, Virginia. In
addition to the acute pollutional stress from the two spills, the environment
has been stressed chronically by the day-to-day operations of the power
plant. Moreover, periodic flooding has had a deleterious effect on the biota.

The benthic macroinvertebrate community was surveyed in 1969, 1970, and
1971 to assess the effects of the two spills and secondarily to determine the
effects of flooding. Numbers of organisms, density, diversity, and cluster
analysis of presence-absence data were all used.

Results showed that except for the molluscs, the benthic macroinvertebrate
community had virtually recovered from the 1967 spill by the summer of
1969. In the reach of the stream immediately downstream from the power
plant, recovery was not complete, probably due to chronic stress from the
power plant. The 1970 survey revealed the impact of the spill of acid and
showed that by the end of the summer recovery was nearly complete, again
with the exception of the molluscs. Flooding in the spring before the 1971
survey disrupted the fauna and had a homogenizing effect, in that previously
sparsely inhabited stations became richer in species, probably due to in-
creased stream drift with high water. Stations previously very rich in species,
on the other hand, tended to lose species so that after the flood had subsided,
all stations were faunally more similar to each other than they had been in
previous years when flooding was less severe or not as close to the time of
sampling.




INTRODUCTION

The primary purpose of this research was to evaluate the recovery of the
benthic macroinvertebrate community of a portion of the Clinch River in
Virginia from the effects of two major industrial spills associated with the
operation of Appalachian Power Company’'s 700-megawatt, coal-burning,
steam, electric-power generating plant near Carbo, Virginia. A secondary
purpose was to examine the effect of flooding on the composition of the
benthic macroinvertebrate community.

The macrobenthic community of the Clinch River has been exposed both to
the relatively mild but chronic effects of discharges from the power station
and to acute effects of an alkaline fly-ash spill in 1967, and an acid spill in
1970. Itis important to discriminate between such chronic and acute stresses,
particularly when dealing with the responses of the benthic macroinvertebrate
community to them. Clearly the recolonization of a stream from which
virtually all forms of life have been eliminated by acute pollutional stress can
be termed recovery. Biological gradients downstream from a source of
chronic stress might be considered as ‘‘recovery through space’’ (as opposed
to recovery through time at a single location) but will be designated
accommodation here to avoid confusion. For example, the gradual neutrali-
zation of acid mine drainage by the natural alkalinity of confluent streams
results in downstream improvement of water quality, but the benthic
macroinvertebrate community, having established a downstream gradient, has
accommodated to the changed conditions rather than having recovered from
them, although this could also be considered recovery through space.
Accordingly, we shall refer to recolonization following the two spills as
recovery, and to the establishment of downstream gradients as accommo-
dation.

I. Description of the Study Area

The Clinch River (Figure 1) is one of the headwater tributaries of the
Tennessee River, originating about 16 km west of Bluefield, Virginia in
Tazewell County (Cooper, 1945). From its source, the Clinch River flows in a
southwesterly direction through the Valley-and-Ridge Physiographic Pro-
vince. The area is characterized by numerous long, subparallel ridges
separated by narrow valleys oriented in a northeast-southwest direction. The
ridges are capped by resistant layers of sandstone and quartzite; whereas the
valleys are underlain by less resistant carbonate formations and shales
{Cooper, 1945; Anonymous, 1971a; Anonymous, 1972a).



Climate in the Clinch River Basin is temperate or humid subtropical with an
average annual temperature of 12°C. The average annual precipitation is 117
cm of which about 5 cm is snow. Because of the steep mountainous
topography, approximately 40% of the annual precipitation leaves the area as
surface runoff that periodically causes flooding. Floods are most frequent in
winter and spring "‘because the basin lies in or near the mean path of winter
storm tracks and in the mean path of moist tropical air flows from the
western Gulf of Mexico during winter and spring’”’ (Anonymous, 1971a).

From its source in Tazewell County, the Clinch River passes through Russell,
the southern tip of Wise, and Scott counties in Virginia. Each of these
counties is largely rural with more than 50% of the total drainage area of
2940 km2 being forested. Cropland and pastureland account for most of the
remaining land use (Anonymous, 1972b). Other predominate land uses
include coal mining and some rock quarrying.

The coal fields of the Clinch River Basin lie along the southeastern edge of
the Appalachian Plateau which borders the Valley-and-Ridge Province on the
northwest (Wentworth, 1922; Eby, 1923). Coal mines are largely restricted to
the northern flank of the basin, but their impact was reduced by the presence
of exposed limestone and dolomite formations. These formations contribute
large amounts of calcium and magnesium carbonate to the Clinch River and
its tributaries, often raising the pH of the river to 8.0 or 8.5. The carbonates
neutralize the acid mine wastes, thereby reducing their impact. Coal washing
operations, however, may have a detrimental effect upon benthic organisms
(Tackett, 1963; Learner, et al., 1971) especially in Dump’s Creek and the
Guest River, two tributaries often laden with suspended solids, particularly
following heavy rains.

a. Spill from Fly-Ash Holding Pond, 1967

The first major industrial spill recorded for this area occurred when the dike
surrounding the fly-ash holding-pond collapsed at the power plant. Because
the coal burned at the plant had a high ash content, approximately 975
metric tons of fly ash were produced daily. To remove such large quantities
of ash from the furnace hoppers efficiently, water from the Clinch River was
mixed with the ash to form a slurry. This mixture was pumped to large
settling lagoons where the ash settled and the supernatant was recycled. Free
lime (Ca0) in the fly ash reacted with water to form Ca{OH)2. Because of
recycling, the pH gradually rose and eventually reached values as high as 12.7
{Anonymous, 1967b).
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In June 1967, a 15 to 25-m section of a dike surrounding one of the fly-ash
settling lagoons failed. In less than an hour, 4.9 x 105 m3 (400 acre-ft)
poured into Dump’s Creek, which joined the Clinch River only 0.8 km
downstream. This caustic slug equalled 40% of the daily flow of the Clinch
River at the time and resulted in blocking the normal flow for several
minutes. It also raised the water level several meters and forced some of the
waste approximately 0.8 km upstream

For 4.5 days following the spill, the alkaline slug traveled downstream at a
rate of approximately 1.5 km/hr, killing essentially all the fish in its path
{Anonymous, 1967b). During this period, 162,000 sport and rough fish were
killed in 106 km of the Clinch River in Virginia. An additional 54,600 sport
and rough fish were killed in 39 km of the river in Tennessee until the
polluted mass was diluted, dispersed, and neutralized in the river by natural
physical and chemical processes.

The principal chemical reaction involved in neutralization was:
1.  Ca(OH)2 + Ca(HCO3)2 —~ 2CaCO3 + 2H20

In addition CO2 from the atmosphere reacted with the water to form:
2. H20 + CO2 = HoCO3
3. Ca(OH)2 + H2C03 — CaCO3 + 2H20

The lethal agent was reported to have been the high pH of the alkaline water
which was composed of 90% hydroxide alkalinity and 10% carbonate
alkalinity. A secondary effect that may have contributed to the biological
damage was reduction of the dissolved oxygen concentration caused by
decaying organic matter (Anonymous, 1967b).

Ten days after the collapse of the dike, the Virginia State Water Control
Board surveyed the bottom fauna at selected stations above and below the
site of the spill to assess damage to the benthic fish-food organisms
{Anonymous, 1967a). They observed that:

l. Bottom-dwelling fish-food organisms appeared to have been
completely eliminated for a distance of approximately 5 to 6 km
below the site of the spill (Figures 2 and 3).

2. A drastic reduction in the number and kinds of bottom-dwelling
fish-food organisms occurred in the Clinch River for 124 km
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below the spil! {Figures 2 and 3).

3. Snails and mussels were eliminated for 18 km below Carbo,
Virginia.

Based on past experience, the Board predicted that the Clinch River would
recover to its former productive capacity within three months after the spill,
as measured by the weight of fish-food organisms per unit area of the stream
bottom Both the Virginia and the Tennessee Game Commissions believed
that stream organisms would appear in sufficient numbers for restocking of
fish in the fall of 1967 (Anonymous, 1967a).

b. Spill of Sulfuric Acid, 1970

While a survey of the bottom fauna was in progress in 1970, a second
industrial spill occurred at the Appalachian Power Plant on June 19, 1970,
just after benthic samples had been collected at six stations above the plant,
two of them on tributaries, and four at stations below it. This spill involved
the release of an undetermined amount of sulfuric acid which Kkilled
approximately 5300 fish. Cursory examinations by representatives of the
Virginia State Water Control Board indicated that stream damage began
approximately 1.5 km below the power plant and extended a distance of 22
km downstream to St. Paul, Virginia (Soukup, 1970).

MATERIALS AND METHODS

During the summer and fall of 1969, the summer of 1970, and the spring of
1971, the bottom fauna and fish population of the Clinch River were
surveyed to determine the extent of the biological recovery of the river
following the 1967 spill from the fly-ash pond and the 1970 spill of acid.
Particular emphasis was placed on studying communities of benthic
macroinvertebrates above and below the spill site because:

I Compared to fish, benthic organisms are relatively sessile and
generally less capable of avoiding environmental stress than fish.

2. They have rather long life histories compared to microorganisms,
and their presence or absence reflects the recent history of the
environment.

3. Since they are members of the food web in an aquatic
environment, their presence or absence directly affects fish
populations.

4. Sampling techniques for bottom fauna are more reliable than
techniques for fish.

5. It is likely that more biological information per dollar invested
can be gained from studying this group of animals than any other
group of organisms.

Figure 1 shows the locations of 16 ecologically similar stations on the Clinch
River, and 5 stations on its tributaries. The total length of the river sampled
was 190.5 km with a range in elevation from 548.6 m at Station 1 to 341.4 m
at Station 21. The stations were selected in accordance with the following
criteria suggested by Cairns (1966): (1) substrate composition and stability,
(2} accessibility of the sample site, (3) current, (4} sedimentation, (5)
vegetation in the surrounding drainage area, {6) quality and gquantity of
debris, and (7) structure of the river bed. Descriptions of the stations have
been limited to shallow areas sampled above and below the stream riffles and
to the stream riffles themselves (Table 1).

Four stations were located above the site of the spill to serve as reference or
control stations with which downstream stations could be compared. Twelve
stations were located below the spill to assess the river’s recovery and to




evaluate the influence of industries, municipalities, and agricultural areas.
Five additional stations were established on tributaries with pollution sources
which could have affected stations in the main river.

A Turtox 20 x 45 cm rectangular bottom net and a Surber 0.1 m2 sampler
were used. Each station was divided into three substations (right bank, left
bank, and midchannel, facing upstream) from which samples were taken,
because it had been observed that waste discharges were often restricted to
certain portions of the river after discharge. In addition, five Surber samples
were taken along a transect through the riffle area in each station. Samples
were collected according to the schedule in Table 2.

During the summer of 1970, immediately after notification of the spill of
acid, a series of cursory examinations of the bottom fauna was made to
determine the extent of the damaged area. These examinations were followed
by thorough sampling of the stations in the affected area as delimited by the
cursory examinations and were continued at two-week intervals for the next
two months. Additional samples were collected every four weeks at three
unaffected stations during the same period. In all, seven ecologically
comparable stations were included in the survey, consisting of one control
station, four stations in the affected area, and two delimiting stations. Station
4, located 2.5 km above the power plant, served as the upstream reference
station with which the affected stations were compared. Stations 7, 8, 9, and
10 below the spill site were chosen to assess the effects of the spill and to
follow the restoration of the damaged ecosystem. Two delimiting stations,
Stations 11 and 13, were established 10.5 and 16 km below Station 10 to
determine whether the effects of the spill were restricted to that section of
the river from Carbo to St. Paul, Virginia.

Throughout this paper, especially in dendrograms, samples are designated by
a station number followed by an R, MC, or L designating the right bank,
midchannel, or left bank, facing upstream.

As shown in Table 2, not all substations were sampled during the same
sampling period, nor were they all sampled the same number of times. Thus,
the third time Stations 7, 8, 9, and 10 were sampled (July 7 to 9, 1970) was
before the second time Stations 4, 11, and 13 were sampled (July 21 to 24,
1970). It is important to note, also, that samples with the same letter were
not necessarily sampled at the same time.

All organisms except fish have been identified to genus rather than species
although when structurally different forms appeared in the same genus these
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were labeled sp. 1, sp. 2, etc. Thus, the term “number of taxa’ refers to
structurally distinct entities at this level of discrimination but not to species
in the classical sense. Since the primary goal was to apply comparable effort
to all stations and to use a comparable level of discrimination in order to
estimate grass diversity differences between stations, this level of precision
seemed acceptable. More precision in identification would have reduced the
size of the sampling program, an alternative which did not then and does not
now seem justified,

Diversity has been calculated according to the method of Wilhm and Dorris
{1968) using the equation:

d = -Z (Ni/N) logy (Ni/N)

Wilhm and Darris have found ‘‘clean water’’ areas to have diversity indices
greater than 3.0; ‘maderate pollution” is indicated by a diversity index from
1.0 to 3.0; and “heavy pollution” results in a diversity index less than 1.0.
Their method was proposed for the study of species diversity, and the
applicability of their limits has not been assessed when generic diversity or
taxon diversity is used.

1. Cluster Analysis

Cluster analysis provides a useful approach to the evaluation of large data
matriges, such as the matrices of data from this study. The results of cluster
analysis can be expressed in graphic form as dendrograms (Figures 9, 10, 14,
and 15). The branches of the dendrograms represent the individual samples as
labeled, and the scales at the top and bottom of the dendrogram show the
average similarity amang groups of stations clustered at that level. The use of
a dendrogram permits simultaneous consideration of all samples in a study.

The use of cluster analysis in ecology has been particularly popular among
paleontologists and has proved useful in studies of the distribution of
subfossil marine organisms (see e.g., Kaesler, 1966; Maddocks, 1966;
Valentine, 1966; Valentine and Peddicord, 1967; Mello and Buzas, 1968;
Ishizaki, 1968, 1969; Howarth and Murray, 1969; and Warme, 1969). Its use
is not limited, however, and it has been used in a variety of ecological
applications (see, e.g., Goldman, et al., 1968; Brown, 1969). In a series of
papers published since 1969, Cairns, Kaesler, and their coauthors have tested
cluster analysis as a possible alternative or addition to the diversity measures
and bar graphs developed by Patrick (1949) (Cairns and Kaesler, 1969;
Roback, Cairns, and Kaesler, 1969; Cairns, Kaesler, and Patrick, 1970;
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Kaesler, Cairns, and Bates, 1971; Cairns and Kaesler, 1971; and Kaesler and
Cairns, 1972). The data they used were collected from the upper Potomac
River where the environment had been assessed as healthy by the use of
diversity methods. The use of cluster analysis here is similar to the work of
Cairns, Kaesler, and their coauthors with the important addition that in the
Clinch River acute stresses are known to have occurred.

Coefficients of similarity are available for use in cluster analysis that take into
consideration the abundance of each species found in a sample. However, in
this study presence-absence or binary data were preferred although they have
the disadvantage of ignoring the size of the population of each species. Only
the presence or absence of species was considered because of difficulties in
sampling and in defining the geographic limits of the population sampled. If
statistically reliable methods could be developed and used for delimiting the
populations sampled in conjunction with quantitative sampling of those
populations, one could use relative or absolute abundances, biomass units,
caloric content, or trophic levels in cluster analysis. In the absence of
methods assuring the reliability of quantitative data, presence-absence data
were used.

The coefficient of Jaccard (1908) was chosen for use:
Sj = a

at+b+c

where a refers to the number of species that are present in each of two
samples being compared, b refers to the number of species that are present in
the first sample but absent from the second, and c refers to the number of
species present in the second sample but absent from the first (Sokal and
Sneath, 1963; Cheetham and Hazel, 1969). Note that the coefficient does not
consider negative matches or mutual absences in determining similarities. This
coefficient was preferred because of its simplicity and equal weighting of all
species. Although it seems improper intuitively to consider the presence of a
small insect as being as important as a large adult bivalve, at the present time
it is difficult to defend any specific unequal weighting.

When subsets of the total fauna were clustered, some stations were
completely barren. To facilitate comparison of similarity matrices of the
different subsets with each other, all stations were included in each subset to
maintain a constant number of samples in all cluster analyses of data from a
single year. Accordingly, where Jaccard’s coefficient was undefined (a, b, and
c = 0), the value was set equal to zero. Where several samples did not have
Eembers of any subset of the fauna, they have been shown as forming a final,
identical cluster in the dendrograms, even though the similarity has been
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arbitrarily defined as zero. It should be noted, however, that the absence of
organisms at two stations can be caused by a number of reasons and is not
necessarily an indication of similarity of the environments at the two stations.

Cluster analysis was done by the unweighted pair-group method using
arithmetic averages (UPGMA) (Sokal and Sneath, 1963). This method was
chosen because it has repeatedly given the least amount of distortion of the
commonly used agglomerative clustering procedures, where the measure of
distortion was the coefficient of cophenetic correlation (Sokal and Rohlf,
1962; Sokal and Sneath, 1963). Moreover, Farris {(1969) has shown on
theoretical grounds why UPGMA clustering shouid result in less distortion
than that of the other methods commonly used. UPGMA also provides equal
weighting of all species.

The principal difficulty of cluster analysis, particularly for the study of lotic
environments, is that most agglomerative clustering algorithms, including
UPGMA, construct hyperspheriodal clusters. In some instances opposite sides
of a stream may be less similar to each other than either side is to upstream or
downstream areas. In such situations longitudinal environmental gradients
may exist rather than true clusters, and hyperspheres may be poor
descriptors. The use of cluster analysis will superimpose hyperspheriodal
clusters onta the natural system whether or not such clusters exist in the real
world (Kaesler, 1970},

If hyperspheriodal clusters do not exist, the use of cluster analysis will result
in distortion of similarities between samples. Fortunately, the overall amount
of distortion introduced by clustering can be measured by the coefficient o+
cophenetic correlation (Sokal and Rohlf, 1962; Farris, 1969; Kaesler, 1970).
Its use provides a means of quantifying the uncertainties one may have about
applying cluster analysis to a particular set of data. Values of the cophenetic
correlation larger than 0.8 have often been taken to indicate that serious
distortion has not been introduced. However, the larger the matrix of
similarity coefficients, the greater the chance of introducing distortion of
similarities that may go undetected.

Rohlf and Fisher (1968) have clustered matrices of product-moment
correlation coefficients and Sokal’s taxonomic distance coefficients (Sokal,
1961) computed from sets of standardized, normally distributed, random
numbers. For thirteen analyses using 50 OTU'’s (analogous to species in this
study), they found an average coefficient of cophenetic correlation of about
0.41 with a two-standard-deviation range from 0.38 to 0.44. Corresponding
values for distance coefficients were 0.59 with a range from 0.49 to 0.69.
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Although they did not use Jaccard’s coefficient in their work, their results
can be used to indicate that little distortion was introduced in this study by
the clustering procedure.

The smallest value of the coefficient of cophenetic correlation obtained in the
present study was 0.735, and the mean value was 0.864 with a
two-standard-deviation range of 0.745 to 0.982 (Table 3). These values
suggest that most of the relationships shown in our dendrograms have been
distorted little from the similarities in the computed similarity matrices. They
should not be taken to suggest that no distortion has been introduced. In
cluster analysis of large matrices such as the ones clustered here, it is possible
for a few clusters to have distortions of large magnitude without having
appreciable effect on the coefficient of cophenetic correlation. In the
evaluation of the dendrograms, attention will be drawn to some of these
distortions where they could affect the interpretation if they went unnoticed.

Since the surveys extended over three summers and because of the nature of
the pollution stresses introduced, each year’s work has been considered
separately. The amount of computer core available and the large size of the
data matrices precluded simultaneous clustering of all of each year’s data;
therefore, the samples were separated into insect and noninsect fractions.
After separation, cluster analyses were done on each year's total insect fauna
as well as each taxonomic order (Table 3). Other noninsect taxa were also
analyzed as total other macroinvertebrates and Gastropoda. A total of 26
dendrograms were formed, although not all of them have been discussed here.
Those dendrograms providing little information over and above the ones
discussed have been omitted.
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RESULTS AND DISCUSSION

1. 1969 Survey

The number of taxa found in the benthic macroinvertebrate community at
each station during the 1969 survey is summarized in Figure 4. At reference
Stations 1 to 4, the number of taxa varied between 48 and 54, whereas below
the site of the spill the number of taxa at Station 7 was 43, followed by an
even more pronounced decrease to 33 at Station 8. This low value was
followed by an increase in the number of taxa at the next three stations until
at Station 11 there were 46 taxa, approximately the same number as had
been observed at the reference stations. At Station 13 a decrease in the
number of taxa was observed, followed by a number of taxa at the remaining
downstream stations approximately equal to the values at the reference
stations.

Differences in density of benthic macroinvertebrates including molluscs were
even more pronounced between upstream reference stations and stations
below the site of the spill (Figure 5). Densities at the reference stations
ranged from 24.6 to 145.2 organisms per 0.1 m2. In contrast, densities at
Stations 8 to 11 varied from 2.4 to 18.8 organisms per 0.1 m2 with the
highest density being found at Station 11, the station located farthest
downstream. Station 13 had a lower density, which appeared to be due to
conditions in the substrate that were unsuitable for colonization by benthic
invertebrates and to the influence of the tributary that flows into the Clinch
River just above this station.

In Figure 6, a graph of density which does not include molluscs, a difference
still exists between Stations 1 to 4 and Stations 7 to 11. Moreover, densities
were much lower at Stations 1 to 4 and 13 to 21 when compared to the same
stations in Figure 5, the result of excluding data on the molluscan species,
which made up large portions of the invertebrate community at stations
unaffected by the spill. The densities at Stations 7 to 11 were not affected by
excluding molluscan species because molluscs had not yet become
reestablished after the 1967 spill. Their slow rate of recolonization was
probably the result of lower transport by downstream drift compared to
insect larvae and most other invertebrates, longer life cycles than those of
most other aquatic invertebrates, and the lack of an aerial stage in their life
cycles.

The differences found at Stations 7 to 11 in number of taxa and densities
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indicate the possibility of either a longitudinal pattern of recovery or a
longitudinal gradient of accommodation. Such a pattern probably resulted
from a combination of interrelated factors and may reflect the amount of
damage at each station from the 1967 spill, differing rates of recolonization
by different groups of organisms, and a mild chronic environmental stress
upon a portion of the aquatic ecosystem due to the day-to-day operation of
the power plant. Discharges from Appalachian Power Company’s plant above
Station 7 were channeled along the right bank for some distance before
mixing. Although they did not affect the overall diversity found at Station 7
when substations were considered separately, they appeared to have an
adverse effect upon aquatic organisms at downstream stations.

Analysis of diversity of the benthic macroinvertebrate community collected
at each of the 16 sampling stations located on the Clinch River indicated that
the structure of the macrobenthic community at stations below the site of
the spill were similar to the control stations upstream (Table 4). Diversity was
calculated for the left bank, right bank, and midchannel substations for all 16
stations on the Clinch River. Values found at the right bank substation at
Station 7, left bank substation at Station 17, and Station 20 may indicate
areas of moderate pollution. However, it appears that by the summer of 1967
the Clinch River had substantially recovered from the fly-ash pond spill if
community structure of the bottom fauna is used as a criterion even though
molluscan species were still rare.

Figure 7 gives the number of species of fish, mostly minnows and darters,
found at each station. Reference Stations 1 and 2 had 19 and 17 different
species, respectively, while Station 7 below the site of the spill had only 11
species. This difference may be attributed to either the decreased availability
of fish-food organisms, the power plant’s waste discharges, or both. Farther
downstream at Station 9 the number of species had increased to the same
level as observed at the upstream control station, but only two species were
found at Station 11 where heavy silting was observed at the time of sampling.
Densities of fish at each station (Figure 8) showed the same variations as were
noted for the bottom fauna——a reduction of density immediately below the
site of the spill followed by a progressive increase with distance downstream.

Figure 9 shows the results of the UPGMA cluster analysis of the total
aquatic-insect fauna from 48 benthic samples from substations surveyed
during the summer of 1969. In studying this dendrogram, one could choose
to examine clusters formed at any level of Jaccard’s coefficient from 0.0 to
1.0. At a limit of similarity of 0.0, one large cluster of 48 samples is formed;
at 1.0, all 48 samples are separated from each other. It must be recognized
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that the choice of a limit of similarity is completely arbitrary and may vary
from dendrogram to dendrogram within a study. A 0.4 limit of similarity was
used for this dendrogram because the relationships shown at that level are
particularly easy to visualize and to explain ecologically.

When 0.4 was chosen as the limit of similarity, eight clusters were formed
that range in size from 2 to 18 samples. In addition, five lone samples did not
cluster with any others at this level of similarity. The cluster at the top of the
dendrogram consists of five samples, 1R to 2MC in Figure 9. This cluster
contains samples from five of the six substations at Stations 1 and 2. It
indicates that on the average these samples had a higher similarity to each
other than to other samples collected. Three factors probably contributed to
the high similarity of these samples and to the formation of the cluster. First,
Stations 1 and 2 were sampied much later in the year than the other stations
which may have resulted in faunal differences due to seasonal variation or
succession. Second, although these samples were collected more than six
weeks after Hurricane Camille’s flooding, the macrobenthic insect
populations may not have had adequate opportunity to recover from the
flushing action of the high stream flow although the August 10th discharge
maxima of 42 x 103 I/sec was not as high as the 83 x 103 I/sec peak at
Stations 15 to 21 on August 11th (Figures 2 and 3). Third, the stream
gradients at Stations 1 and 2 are higher than at any other station with the
exception of Station 13. A distinct benthic macroinvertebrate fauna could be
expected at these stations due to any of the above three factors acting alone
or in conjunction with each other.

The second cluster of 1969 aquatic-insect samples is the largest, comprising
18 samples and including samples 2L through 19MC in Figure 9. Most of the
samples in this cluster were from Stations 15 through 21, all of which were
collected September 10 to 14, 30 to 34 days after Hurricane Camille’s
flooding. The only samples collected during this interval but not in the cluster
are samples 20L and 20MC. Their lack of similarity to other samples in this
cluster is almost certainly attributable to the rock-ledge substrate that was
present at Station 20. This cluster may reflect the effects of the time of year
when sampling was done, the relatively low stream gradient in this section of
the stream substrate dissimilarities, or the possible effects of flooding.

The next two clusters comprise samples from Substations 3R, 3L, 3MC, 4R,
4MC, and 7L and Substations 7MC, 8MC, 8R, and 8L. Since all of these
stations, except 4R and 4MC, were sampled during the same time period and
had similar substrates and stream gradients, a cause other than these must be
sought to account for the two clusters and their separation. Five of the six
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samples from the first of these two clusters were collected at stations above
the site of the 1967 fly-ash spill. The other, 7L, was opposite the power plant
and has been determined by measures of diversity to have been unaffected by
discharges from the power plant. All samples in the second cluster were
collected downstream from the power plant. The separation of these two
clusters supports the view of Cairns, et al. (1971) that a combination of
interrelated factors affected Stations 7 and 8: the 1967 fly-ash spill, the
severity of initial damage from the spill, differing rates or recolonization by
different species, and the existence of a mild, chronic environmental stress
upon a limited portion of the stream caused by the power station. Note the
position of sample 7R in Figure 15 relative to the other samples. This
substation was dissimilar to other samples because it was located immediately
downstream from the power plant’s outfalls where it received the full
detrimental effects of the power plants discharges.

The remaining four small clusters are each made up almost entirely of samples
from the same station or substations of adjacent stations; for example, the
cluster of 9R with 9L and of 10L with 10MC and 11L. Faunal similarity of
adjacent substations suggests a longitudinal accommodation to the effluents
from the power station. Samples from Station 13 may also be affected by the
rock slab substrate and the high stream gradient at this station, both of which
might act as factors limiting colonization by macrobenthic organisms.

Figure 10 is the dendrogram resulting from cluster analysis of data on
Trichoptera from the 1969 survey. When 0.45 is chosen as the limit of
similarity, two large clusters (1R to 2MC and 15R to 19MC) and four small
one are formed. In addition, samples rom 13 substations remain unclustered
at this level. The first large cluster consists primarily of stations above the site
of the 1967 alkaline fly-ash spill. The only samples in the cluster that were
formed below the site of the spill are 7L and 7MC, which were not affected
by the spill because of channelization, and 10R. Moreover, each substation
from Stations 1, 2, 3, and 4 is located within a section of the river where the
gradient is steep, about 2 m/km, with the exception of the stretch
immediately above Station 4 where the gradient averages 1.1 m/km.

The second large cluster contains samples from Stations 15 to 21. These
stations occupy a lower, more slowly moving stretch of the river, and it
appears that longitudinal succession might have an important influence in
determining the species-composition of the sampies. This hypothesis is
supported by the fact that 13 different genera were found at Stations 16 to
21 while only 6 were identified at Stations 1 to 4. Thus, although time of
sampling may have been important in determining the sample-composition of

16

clusters in Figure 9, at least for data on caddisflies, time seems to have been
less important than longitudinal succession.

Samples 20R, 20L, 20MC, and 15L are not included in the second large
cluster. As pointed out earlier, species-composition of samples from Station
20 was probably limited by the rock-ledge substrate that had reduced the
number of habitats available for colonization. The composition of the sample
from Substation 15L may have been affected by the location of the main
channel of flow along the left bank. Moreover, shading could have limited the
diversity of caddisflies because this substation was shaded most of the day by
overhanging vegetation.

The most noteworthy of the four small clusters is the one that contains
samples from 8R, 8L, and 8MC. In previous work {Cairns, et al., 1971) it was
observed that the main flow occurred along the right bank below the power
plant resulting in incomplete mixing for some distance downstream. Station 8
was located 3.5 km downstream from the power station, and the clustering of
these three samples suggests that discharges from the power station had had
ample opportunity to mix with the river water in this distance.

11. 1970 Survey

The total number of organisms found per sample from stations surveyed to
assess the extent of and recovery from effects of the acid spill is shown in
Figure 11. Unfortunately samples were not collected from Stations 11 and 13
before the spill, but the number of organisms found immediately after the
spill increased downstream from Station 8. This suggests that the effect of the
spill was less, the rate of recovery more rapid, or both, as distance from the
origin of the spill increased. The importance of seasonal variations of the
benthic macroinvertebrate community is indicated by the decreased number
of organisms at all stations during August, including control Station 4. At
Stations 7 to 10, the low pH shock caused an immediate decrease in the
number of organisms. This included the elimination of all mayfly and mollusc
species and reductions in the number of organisms per taxon of other groups
except for hellgrammites and adult beetles. The hellgrammite and adult beetle
species appeared to have been unaffected by the pH shock.

During the first sampling period in July, two weeks after the spill, the number
of organisms at all stations increased. These increases were probably the result
of development of large populations by species that had survived the spill,
since “‘new” species were rarely found at any of the stations. By the second
sampling period in July, four weeks after the spill, “new’ organisms, which
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probably arrived by stream drift, became more abundant making up between
4 and 10% of the total number of organisms. They would have made up a
larger percentage had it not been for great increases in a species of each of the
tolerant genera Hydropsyche, Cheumatopsyche, and Simulium. Since
organisms are known to be vertically distributed in the substrate (Coleman
and Hynes, 1970), increases in the populations of these organisms were
probably due to the development of egg masses and/or immature forms
located deep in the substrate where they were able to avoid the low pH
shock, although this hypothesis was not tested. Patrick (1970) also noted that
"blackfly larvae develop very large populations in streams when carnivorous
insects such as mayflies or stoneflies are absent.” The subsequent
development of protected immature forms could account for the extremely
high numerical values for some species found during the fourth sampling
period. After the rapid increase in the number of benthic organisms, a
stabilization period followed as the number of organisms first decreased and
then remained fairly stable in August during the fifth and sixth sampling
periods.

Diversity of the samples from each station was analyzed (Figure 17). Samples
collected before the spilf, denoted by an asterick, had d values either above
3.0 or very near 3.0 indicating ‘‘clean water’’ (Wilhm and Dorris, 1968).
However, the diversity of Stations 8, 9, and 10 was lower than at Station 4.
These lower values were probably due to a combination of interrelated
factors which may have included stream damage from the previous spill from
the fly-ash pond and continued discharges from the power plant. Station 7
did not show a decrease in diversity because effluents from the power plant
were confined to the right side of the river and did not affect the station’s
overall diversity.

After the acid spill, diversity indices at Stations 8, 9, and 10 dropped to
between 2.40 and 2.50, indicating that the community structure of the
benthic organisms had been altered. These indices were characteristic of
streams with moderate pollution (Wilhm and Dorris, 1968). The lower
diversities resulted primarily from a reduction in the number of taxa found at
these stations. The number of taxa dropped from an average of 49 to 30 for
the three stations with the greatest decrease occurring at Station 9, which had
48 taxa before the spill and 25 immediately afterwards. Two weeks after the
spill, during the third sampling period, diversity values had increased, and
continued to do so at Stations 9 and 13. At all other stations, diversity
decreased during the fourth sampling period. At Stations 8 and 10, the
disproportional increases in the populations of Simulium sp., Hydropsyche

sp., and Cheumatopsyche sp. already discussed altered the community
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structure and reduced the diversity. By the fifth sampling period, six weeks
after the spill, these organisms were reduced in number and diversity at most
stations above 3.0 indicating "'clean water’. Diversity values for the sixth
sampling period were all above 3.0, indicating stream recovery.

Diversity indices were also calculated for the samples from each substation
and the Surber samples from each station (Table 5). Very little difference was
noted between the numerical values of the combined samples and of the
substation and Surber samples, except at Stations 7 and 8. At these stations
the diversity was consistently lower for the right bank substation, almost
certainly a result of the power plant’s effluent, which was channeled along
the right bank before becoming completely mixed.

The relative frequencies of the number of organisms in each sample that were
tolerant and non-tolerant of pollution are shown in Figure 13. An organism
was judged to be non-tolerant if it was present in significant numbers before
the spill but absent afterwards. Tolerant species, on the other hand, were
those present before and after the spill or only after the spill. The differences
between Stations 8 and 10 and Stations 4, 11, and 13 are quite evident. At
Stations 4, 11, and 13, non-tolerant species constituted between 30 and 60%
of the fauna during the entire sampling period. At Stations 8 to 10 intolerant
species made up 19 to 28% of the total population before the acid spill. This
appears to be due both to accommodation to the power plant’s discharges
and to incomplete recovery from the alkaline spill. After the acid spill,
intolerant organisms were aimost completely eliminated from Stations 8 to
10. Two weeks later during the third sampling period, recovery was
underway, and it continued at least until the sixth sampling period wher:
frequencies of 20, 22, and 50% were noted for the respective stations.

Figure 14 shows the dendrogram computed from data on the total aquatic
insect fauna collected during the 1970 survey. At a limit of similarity of 0.45,
19 clusters are formed with several samples left unclustered, particularly
samples collected from tributaries of the Clinch River at Stations 5,6,12, 14,
and 18. The first cluster consists of samples from six substations, 1AR
through 2BL. These samples were collected from the substations that were
the farthest upstream, and all of them were collected in late August, 1970
(Table 2). All substations represented in that cluster were characterized by
high stream gradients and velocity, similar substrates, and lack of pollution.
That these samples cluster together underscores the importance of seasonal
succession and time of sampling.

The second cluster is a very small one consisting only of samples 15BR and
19BR, both from an area characterized during the late summer by shallow,
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slowly moving water and beds of Dianthera. The Dianthera beds were
inhabited by large populations of gastropods and did not have the high faunal
diversity that was characteristic of other samples from midchannel. The low
diversity under these circumstances (and when compared with sources of
stress and other collecting sites) indicates a natural, short-term seasonal stress.
At other times of the year when water depth and velocity were greater,
increased turbulence produced conditions more comparable to other study
sites. This change in community structure was probably a response to
substantial reduction in flow volume and velocity accompanied by a
substitution of attached food for suspended food.

The third cluster is also small and contains samples collected in June or early
July from Substations 1TAMC, 2AMC, 19AL, and 21AR. It is followed by
three large clusters, here referred to as D (1BL to 15BL), E (15BMC to
19BL), and F (1BAL through 16BMC). All three are closely similar, and one
should not make too much of their differences. Nevertheless, the small
differences that exist seem to be attributable to different times of sampling
and differences in stream gradient. Most of the samples in these clusters,
especially in E and F, are from Stations 15 through 21, the reach of the
stream that was farthest downstream and had the lowest stream gradient,
higher discharge, lower velocity, and a drainage area that was less rugged.

The next cluster in the dendrogram is the largest, consisting of samples from
1AL in the first column to 13AR in the second column in Figure 14. Table 6
illustrates this cluster, from which the following observations were made:

1. Except for sample 13AL, all A-suffix samples from Stations 4,
11, and 13 are present in the cluster. These sarnples were
collected during June 1970.

2. One or more samples from each of Stations 4, 11, and 13
collected after June 26, 1970 are present in the cluster. These
samples have a suffix starting with B or C.

3. Samples collected at Stations 8, 9, and 10 on the 18th and 19th
of June (A-suffix) are all in this cluster, along with samples from
Station 10 collected in August (E- and F-suffix).

4, Samples from the midchannel and left-bank substations at Station
7 are usually found in this cluster, regardless of the time of
coliection. However, samples from the right-bank substation are
not found in the cluster but are scattered throughout the
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remainder of the dendrogram and have very low levels of
similarity with other samples.

5. None of the samples collected from Stations 8 and 9 after June
19th are in the cluster.

6. Of the samples collected from Stations 10 from June 19th to
August 5th (suffixes B, C, and D) only 10BR and 10DR are in the
cluster.

This cluster is clearly related to the effects of the acid spill. Because of
channelization, damage at Station 7 was restricted to the right bank adjacent
to the power station. Mixing occurred rapidly, and damage was widespread at
Stations 8, 9, and 10, with the exception of Substation 10R. By the time the
acid reached this point, its toxicity had presumably been nearly neutralized
by natural physio-chemical reactions in the stream. Organisms along the right
bank of Station 10 were apparently either able to tolerate the acidic slug as it
passed or were able to avoid it.

Since samples from Stations 11 and 13 clustered with samples collected
before the spill, it is possible to conclude from cluster analysis that>damage
was largely limited to the section of the river from Substation 7R to Station
10. This result agrees with previous analyses of the data and attests to the
usefulness of cluster analysis in the interpretation of biological recovery of
damaged streams.

The next small cluster consisting of samples 7EMC, 7FMC, and 11CL
probably owes its existence to the geographic identity of two of the
substations and the fact that all three samples were collected in August 1970.

The next cluster consists of ten samples from Stations 4, 7, 8, and 10 (4CR to
10FMC in Figure 14). With the exception of samples 8CL and 10AMC, all
samples in this cluster were collected four or more weeks after the acid spill.
Samples 8CL and 10CMC were collected only 19 and 20 days after the spill,
suggesting the biological recovery may have occurred more rapidly at these
substations than at other substations in the cluster. The main channel of flow
was along the left bank at Station 8 and in the midchannel section of Station
10. Since downstream drift is an important source of new organisms for the
recovery of the macrobenthic communities, it is reasonable that these
substations should recover more rapidly than other substations in the cluster.
In another cluster of the dendrogram, the clustering of sample 8FL with
other late-summer samples from adjacent stations is not inconsistent with this
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interpretation. It is difficult, however, to account for the high similarity of
sample 8EL to samples collected during July from stations affected by the
acid spill if substation 8L had more rapid recovery during July, as the
position of sample 8CL on the dendrogram indicates. It is possible that
recovery was not permanent at 8L and the sample consisted only of
temporary drift organisms. The presence of samples from Substation 10MC in
this cluster could also be intepreted as indicating that less damage occurred at
this substation rather than rapid recovery. Note that samples in this cluster
are, on the average, not very different from samples of the previous two
clusters and the succeeding one.

The cluster of samples from Stations 11 and 13 that follows is difficult to
explain. Intuitively, one would expect samples from these stations to join the
“before the spill” cluster. Presumably the time of sampling kept them from
joining. Perhaps seasonal succession possibly together with nutrient
enrichment, previously noted in the description of Station 11, caused
environmental conditions to change sufficiently to enable these late July and
mid-August samples to form a separate cluster.

Examination of the remaining clusters indicates a possible recovery sequence.
Samples from Stations 8 and 9 tend to cluster with each other depending on
the elapsed time after the spill when they were collected. In several instances,
samples collected from substations of one of these stations were closely
similar to the corresponding samples from the other station. For example
8BMC clustered with 9BM and 9BMC; 8DR and 8DMC clustered with SDMC;
and 8MC and 9CMC were in the same cluster. This result is not surprising
since the two stations are only 3.2 km apart. This recovery sequence was
recognized previously by other means (Cairns, et al., 1971).

Several samples at the bottom of the dendrogram in Figure 14 do not join
any cluster at the limit of similarity of 0.45. With a few exceptions, these
samples were from tributaries, Stations 5, 6, 12, 14, and 18. The low
similarities of samples from tributaries to each other and to samples from the
Clinch River indicate the paucity of the macrobenthic fauna in the
tributaries. Very few species were found there probably because the aquatic
environment had been stressed by the addition of pollutants. Most of the
tributaries had been affected by coal-washing operations; in addition, Station
14 received a nutrient load from the town of Coeburn, Virginia, and Station
18 on Stock Creek was reported to be affected by seepage from stored
underground alkaline wastes from the Foote Mineral Company (Anonymous,
1967b). Station 12 was on an intermittent stream which in addition to pollu-
tion from coal-washing might account for its low diversity.
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Three samples not from tributaries were found included among the clusters at
the bottom of the dendrogram: samples 2AL, 7EL, and 15AR. Sample 2AL
had very low similarity with all other samples in the study with Jaccard’s
coefficient never exceeding 0.24. The sample had an inexplicably low
diversity containing only ten species. Samples 7EL and 15AR had similarities
above 0.4 with several samples from substations adjacent to them in the
stream. Their unclustered position in the dendrogram was caused by distor-
tion due to averaging discussed in an earlier section.

In the cluster analysis of data from the 1969 survey, stream discharge was
important in explaining the results. During the summer of 1970, no seasonal
flooding occurred. The lack of flooding was fortuitous since flooding could
have seriously complicated our interpretation of the results.

111, 1971 Survey

Previous investigators have noted the detrimental effects of rapid changes in
discharge on macrobenthic organisms (Minshall and Keuhne, 1961; Harrel,
1964). Patrick (1970) pointed out that populations of all species are not
affected equally; some species may be eliminated entirely while others are
able to adapt to, avoid, or otherwise withstand high stream velocity. Viewed
in this sense, flooding provides a selective, short-term stress which reduces
diversity and population size with each species being affected in proportion
to its adaptability to flooding. Depending on the rate of recovery, the effects
of flooding may be evident for a varying length of time.

Among the most important factors in biological recovery is stream drift,
which is also highly dependent on variations in discharge (Minshall and
Winger, 1968). In certain situations drift may be regarded as an equalizing
process, since organisms that do not normally inhabit an area may become
temporary residents even if the habitat is an unsuitable one for permanent
occupancy. Therefore, it is possible that one major effect of flooding is to
"equalize” benthic samples from habitats that may have had dissimilar biota
before flooding. These results suggest that one of the effects of flooding and
consequent increased drift of organisms may be to cause benthic organisms to
become more randomly distributed throughout a stream, thereby resulting in
greater similarity among samples.

The equalizing effect of flooding is a possible explanation for the
composition of clusters in the dendrogram of Figure 15. If a level of
similarity just higher than 0.435 is chosen, five clusters are formed. The first
cluster includes samples 1R to 7R on the dendrogram and comprises samples
from Stations 1, 2, 3, 4, 7, and 8. The second cluster, 7L to 15MC on the
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dendrogram, also includes samples from Stations 7 to 15 in the stream. The
third cluster is smaller and includes samples from Stations 13, 16, 17, and 20.
The remaining two clusters are very small and are closely linked to the third
cluster. |f they are added to the third cluster, disregarding the limit of similar-
ity, the third cluster contains samples from Stations 13, 15, 16, 17, 20, and
21.

In the analyses of the 1969 and 1970 surveys, the mainstream stations were
repeatedly divided into three groups: Stations 1 to 4 above the power station;
Stations 7 to 13 below the power station, part of which were affected by the
1970 acid spill; and Stations 15 to 21 in the area where the gradient of the
stream was lowest. The samples from the 1971 survey did not fit this pattern
as well as those from previous years did. For example, samples from Stations
1 to 4 are clustered with samples from Stations 7 and 8. The second cluster
includes not only samples from Stations 7 to 13 but also samples from
Stations 14 and 15. In the third cluster, one sample from Station 13 has been
added to Stations 15 to 21. The boundaries previously noted between groups
of stations seem to have been displaced downstream.

In addition to this downstream shift of similarity, the inclusion of sample 7R
in the first cluster and 14MC in the second cluster requires some explanation.
Substation 7R was usually sparsely inhabited because of effluents from the
power station and an unsuitable substrate. Substation 14MC was similarly
sparsely inhabited because it was located in a nutrient-enriched, fifth-order
tributary of the Clinch River where the habitat was unsuitable for most
benthic organisms because of coal washings. Inclusion of samples from these
two stations in their respective clusters indicates their similarity to the other
samples in the cluster after flooding. A possible explanation is that the
communities at both healthy and unhealthy stations have been ‘“‘equalized”
by flooding and by stream drift. This hypothesis is supported by the raw data
which show Substation 7R to have greater species richness after the flooding
in 1971 than at any other time. Moreover, the normally healthy Substations
1R, 4R, and 13R had lower species richness after the flooding than
previously. The number of species found at Substation 8R after the flooding
in 1971 was as low as the number found in 1970 immediately after the acid
spill. 1t seems likely that substations with rich faunas were depressed by
flooding, whereas sparsely inhabited substations were less likely to lose
species by flooding but instead gained species because of increased drift
associated with high water conditions. It is clear that periodic flooding of the
Clinch River had a pronounced effect on the macrobenthic insect fauna and
that at the time of the 1971 survey the insects had not had enough time to
recover from the adverse effects of flooding.
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CONCLUSIONS

From the survey conducted in 1969, two years after the alkaline fly-ash pond
spill, the following tentative conclusions seem justified:

1. By the summer of 1969 bottom-fauna communities at Station 7
that were reported by others as completely eliminated by the
caustic spill had recovered so much that the number of different
kinds of organisms found at this station was approximately the
same as found at upstream reference stations unaffected by the
spill.

2. Communities of benthic organisms at Stations 8 to 11 indicate a
linear recovery pattern; i. e., the farther downstream the station
was located the higher the density and diversity values.

3. Large portions of the communities at the reference stations and
at stations 48 km or farther downstream of the power plant
consisted of molluscs. However, in 1969 these had not recovered
at Stations 7 to 11 below the site of the spill. This failure to
recolonize was probably due to their inability to reihvade and
recolonize areas below the spill site as fast as aquatic insects.

4. Community structure analyses indicated that benthic
communities below the site of the spill were similar to those
found at stations above the spill site and were characteristic of
“clean water” situations as defined by Wilhm and Dorris (1968).

5. Species of minnows and darters had recolonized stations below
the plant but had not attained the densities found at upstream
reference stations.

6. Two years after the spill, the Clinch River had not fully
recovered. However, fish-food organisms such as mayflies,
stoneflies, hellgrammites, and midge larvae were present at all the
areas severely affected by the spill and should support a
productive sport fishery.

7. Conclusions from cluster analysis of the data on aquatic insects

agree with those previously reached by studying diversity.
Moreover, cluster analysis has demonstrated the importance of
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longitudinal succession, time of sampling, and type of substrate in
determining the composition of samples; and it has emphasized
the need to include the effects of flooding in recovery studies.

All of the methods of analysis indicate that the stations in the
Clinch River may be grouped into three subsets: Stations 1 to 4,
above the power plant in areas of high stream gradients; Stations
7 to 13, below the power plant; and Stations 15 to 21, in a region
with low stream gradients.

The following conclusions were hased on a comparison of benthic samples
collected before and after the June 19, 1970 acid spill.

Mayfly and mollusc species appeared to be completely eliminated
by the low pH shock for a distance of 18.8 km. Reductions in the
number of individuals per taxon were also noted for all other
organisms except hellgrammites and adult beetles which appeared
tolerant of the acid shock.

Community structure and cluster analyses indicated that the
stream macroinvertebrate communities were altered by the acid
spill, and the structural characteristics were those of communities
exposed to “‘moderate pollution.”

Six weeks after the spill, diversity values were within the same
“clean water’ range noted before the spill.

Sixty days after the acid spill representatives of aquatic insect
species found before the spill were present at all affected stations.
Mollusc species were slower to recolonize and still had not
recovered by the end of the summer.

The following conclusions were based on the evidence coilected in 1971:
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A very marked trend toward species homogeneity was evident.
For example, samples from Stations 1 and 4 clustered with those
from Stations 7 and 8 although they previously formed two
distinct subgroups. This suggests that the recovery process was
fairly far advanced although there was still a paucity of molluscs
at sdme stations.

The boundaries previously noted between groups of stations

appears to have translocated downstream as evidenced by the
second cluster of Stations 7 to 15.

Substations with rich faunas were depressed by flooding, whereas
substations with sparse faunas were less likely to be depressed by
flooding. The latter often gained species probably because of
increased drift associated with high water.

The periodic flooding of the Clinch River has a pronounced effect
on the macrobenthic insect fauna. At the time of the 1971
survey, the insect community had not recovered from the adverse
effects of flooding.
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River Power Plant During the Summer of 1969

Benthic Macroinvertebrate Densities, Excluding
Molluscs, at Stations Above and Below the Clinch

FIGURE 7
The Number of Fish Taxa Found at Stations Above and Below
the Clinch River Power Plant During the Fall of 1969
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FIGURE 12

Diversity Indices for Stream Macrobenthic Samples at

Stations Above and Below the Site of the 1970

Clinch River Acid Spill
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FIGURE 13

The Relative Frequencies of Tolerant and Non-Tolerant
Organisms at Stations Above and Below the Site of the

1970 Clinch River Acid Spill
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FIGURE 14

The Dendrogram for the Total Insect Fauna Collected

During the Summer of 1970 at Each Clinch River Station.
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FIGURE 15

The Dendrogram for the Total Insect Fauna Collected
During June 1971 at Each Clinch River Station
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Figure 18

The Relative Frequencies of Tolerant and Non-Tolerant Organisms
at Stations Above and Below the Site of the 1970 Clinch River Acid Spill
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Figure 19

The Dendrogram for the Total insect Fauna Collected During
the Summer of 1970 at Each Clinch River Station
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Figure 20,

The Dendrogram for the Total Insect Fauna Collected During

June 1971 at Each Clinch River Station
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Table 5

Diversity Indices Obtained for Bottom Fauna
Collected After the June 19, 1970 Acid Spill

on the Clinch River

Combined
_Total__

3.84
4.12
3.84
4.08
3.97
4.07
4.02
4.17
4.34
3.50
2.40
2.69
2.36
3.20
3.23
292
2.50
2.561

273
2.89
3.33
3.23
2.45
2.90
2.55
3.04
3.50
3.74

3.65
3.98
3.01
3.66
3.91

Left
Bank

4.22
3.80
3.71
4.26
3.93
4.03
3.73
3.74
4.00
3.53
2.11
2.51
2.67
3.01
2.88
3.94
2.41
2.96
243
3.06
3.40
3.69
3.01
2.65
2.49
2.78
3.50
3.55
3.24
3.64
3.66
3.96
4.45

Samples
Right
Midchannel Bank  Surber

3.44 3.86 3.16
3.93 4.27 3.17
3.59 3.63 3.46
3.73 3.32 3.49
3.52 3.15 3.75
3.62 2.42 3.46
3.41 2.91 3.61
3.95 1.65 3.65
3.98 3.51 3.73
3.67 3.34 2.34
2.47 2.09 1.77
2.24 2.49 2.05
2.38 1.85 2.32
2.97 3.15 2.25
3.00 2.85 2.81

2.83 3.80 217
2.54 2.04 1.70
2.23 1.64 1.84
2.69 2.66 2.58
2.30 2.56 2.57
2.95 3.23 3.20
3.04 2.96 2.48
1.96 2.45 2.05
3.10 2.64 2.55
2.36 2.73 2.32
2.57 3.06 3.23
2.93 3.21 3.22
3.51 3.63 3.01

3.561 3.22 347
3.66 3.91 3.90
2.28 3.29 2.78
3.26 3.40 3.19
3.39 3.90 3.71
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Table 6

Samples 1AR to 13AR in the 1970 Total Insect Dendrogram, Figure 14
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